DENV-3 strains appear to have been following a distinct evolutionary path since approximately 1998. To assess whether the various DENV serotypes/genotypes possess different growth characteristics, we performed growth kinetic assays on selected viruses. We observed the relatively higher rate of replication for DENV-I and -2 compared to DENV-3 and 4. Within the DEW-I, viruses from cenotype I grow faster than that ofGenotype IV. This higher replication rate may underlie their ability to replace the circulation of Genotype IV in the community. Dengue fever is an acute febrile disease caused by dengue virus s7 (DENV) infection, transmitted through the mosquito vector Aedes 58 aegpti. The symptoms of the DENV infection vary from classic s9
Dengue Fever (DF) to severe forms such as Dengue Hemorrhagic 60 Fever (DHF) and the potentially fatal Dengue Shock Syndrome 6l (DSS) . DENV is an enveloped flavivirus with a l0.7kb single-62 stranded positive-sense RNA genome. There are four antigenically 63 distinct serotypes ofthe virus (DENV-I, -2, -3, and -4), with around 64 65% genome similarity, circulating throughout the tropical and 6s sub-tropical regions of the world (Guble.r, 1998: Cuzman et al., 66 90 to study the genetic diversity of the dengue viruses (Holrnes and el Burch,2000; Hohnes and Twiddy,2003) (May 2007 -August 2010 . 726
Initial screening on dengue-suspected patients was determined 727 serologically using anti-dengue IgM and lgG (Panbio Dengue Duo 128 IgM/lgG enzymeJinked immunosorbent assay (ELISA) kit (Panbio, Brisbane, Australia) CA) and DENV-specific primers (Lanciotti et al., , l992 Five overlapping PCR fragments covering the whole dengue 170 genome were amplified using methods described previously (Ong 177 et al., : Schreiber-et al., 2009 with slight modifications, 172 Briefly, genomic RNAs were reverse-transcribed into CDNA using 773 primers specific for each serotype. The primers used for DENV-4 174 sequencing were as listed in Supplenentary Table 1. Fragment 17s amplification was performed using high-fidelity P/u Turbo DNA 176 polymerase (Stratagene, La Jolla, CA). Typical PCR conditions were 177 as follows: templates were denatured for 2 min at 95'C, followed 178 by 45 cycles of 30 s denaturation at 95 'C, 1 min annealing at 55 "C, 779 and 4.5 min extension at 72'C. Templates were allowed a 10 min 180 final extension step at 72 "C followed by storage at 4 "C. PCR prod-181 ucts were purified from 0.8% agarose gel using QlAquickgel extrac-182 tion kit (Qiagen) and Palembang in 1998 (Fig. 3) and (Ong et .r1., 2008 A relatively low ratio of non-synonymous to synonymous sub-396 stitution per site (dN/dS) in all genes indicated that there was no 397 evidence for positive selection in any gene and no evidence for 398 site-specific positive selection of the Makassar viruses (Table 2) . 399 Several genes had ratio of 1.0 for dN/dS in DENV-4' however due 400 to small number of DENV-4 isolates, we feel that the dN/dS for 401 DENV-4 cannot be determined confidently. Comparative analysis at the amino acid levels were illustrated 403 in Fig. 5 for DENV-1 Genotype I (A), DENV-I Genotype IV (B)' 404 DENV-2 (C), DENV-3 (D) and DENV-4 (E). Although DENV-I 40s Cenotype I had the most sample number, the differences were 406 the smallest among the sample set, and substantially much smaller 407 than the DENV-1 genotyPe IV. In DENV-I Genotype I residue 123 of 408 E gene was observed to be either Serine (S) orThreonin (T) TH 1986 TH , 1987 TH , 1990 TH (2), 1991 (2) 1920 1930 1940 1950 1900 1970 1980 1990 2010 2020 . MCC (Maximum Clade Credibility) phylogenetic tree of DENV-I Genotype I and Genotype lV, The tree consisted of 35 complete genomes of DENV-I viruses isolated from Makassar, lndonesia together with their close-distanced genomes available in the GenBank database and was constructed using Bayesian inference as implemented in BEAST. All Makassar isolates were denoted with red labels, while samples from Indonesian cities of Palembang and Jakarta were denoted with green labels. Posterior probabilities ofall major branches had values of more than 0.75, indicating the significant ofthe tree topology. The red line for a branch indicated that the tate of mutation of that panicular branch was relatively faster compared to the overall rate ofmutation, while the blue line indicated slower rate ofmutation. The MCC tree branched into 2 main branches, the genotype IV (upper branch) and I (lower branch). Six of the Makassar isolates grouped into genotype lV, while the rest of Makassar isolates grouped into figure legend, the reader is referred to the web version ofthis article. MCC phylogenetic tree of DENV-2 genotype cosmopolitan. The tree consisted of 26 complete genomes of DENV-z viruses isolated from Makassar' Indonesia' together with their close-distanced genomes available in the GenBank database and was constructed using Bayesian inference as implemented in BEAsr' All Makassar isolates were denoted with red labels, while samples from lndonesian cities of Palembang and Jakarta were denoted with green labels, Posterior probabilities of all major branches had values of more than 0.75, indicatinjthe significant of the tree topology. The red line for a branch indicated that the rate of mutation of that particular branch was relatively fastercomParedtotheovera|trate-ofmutition,whilethebluelineindicatedslowerrateofmutation.tabelsindicatingtheoriginofisolatesarea 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 Fi& 3, MCC phylogenetic tree of DENV-3 Genotype l. The tree consisted of 13 complete genomes of DENV-3 viruses isolated from Makassar, lndonesia, together with their close{istanced genomes available in the GenBank database and was constructed using Bayesian inference as implemented in BEAST. All Makassar isolates were denoted with red labels, while samples from other Indonesian regions were denoted with green labels, Magenta labels indicated Indonesian wild-type samples that have undergone serial passages in Vero cells. Posterior probabilities of all major branches had values of more than 0.75, indicating the significant of the tree topology. The red line for a branch indicated that the rate of mutation of that particular branch was relatively faster compared to the overall rate of mutation, while the blue line indicated slower rate of mutation. labels indicating the origin of isolates are as follow: BR (P) which structurally different than that of other amino acids properties (Fig. 5C ). 423 as it had cyclic group in its backbone chain, which might bend Both DENV-3 and DENV-4 comparative analysis showed that 424 the backbone slightly (Fig. 5B ). D4lPRliM35/1985 PR 1985 US 1986 , 1994 , 1996 (6), 1998 (7), 1999 : VE 1998 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2010 2020 2030 2040 20s0 2060 2070 2080 4. MCC phylogenetic tree of DENV-4 Genotype ll. The tree consisted of 6 complete genomes of DENV-4 viruses isolated from Makassar, Indonesia, together with their close-distanced genomes available in the GenBank database and was constructed using Bayesian inference as implemented in BEAST. All Makassar isolates were denoted with red labels, while samples from other Indonesian regions were denoted with green labels. Posterior probabilities ofall major branches bad values of more than 0.75, indicating the significant of the tree topology. The red line for a branch indicated that the rate of mutation ofthat particular branch was relatively faster compared to the overall rate of mutation'whilethebluelineindicatedslowerrateofmutation.Labe|sindicatingtheorigino (Indonesia),}IT(Haiti)'PF(Po|ynesianFrench),PH(Philippines),PR(PuertoRico),sG(singapore),TH (Thailand) interpretation ofthe references to color in this figure legend, the reader is referred to the web version ofthis article.) Table 2 Evolutionary patterns among the proteins of DENV-1, -2, -3 and -4 sampled from Makassar, lndonesia during 2007-? 
